Most of the 402 characteristic Wyckoff positions were analyzed for the numbers 1, 2, 3, etc. of lattice complexes with increased self-coordination numbers T i of the i = 1 -3 shells. The Wyckoff letters of standardized inorganic structures with the proper space group number get an additional number 1, 2, 3, etc., if the x, y, z, c/a, cos γ, etc. parameters are close to the parameters of these lattice complexes. The lattice complexes 1, 2, 3, etc. or combinations of several of these complexes are sphere, layer or rod packings. The plate-or needle-like habit of single crystals can frequently be correlated with layered or rod-like packings. Combinations of lattice complexes can be analyzed for attractive or repulsive interactions by structure maps.
Introduction
Compilations of standardized inorganic structures like TYPIX [1] , SICS [2] or the Landolt-Börnstein compilation of structure types [3] have become available in recent years, to compare new structures with the large number of known structures. The standardization of the structures is essential for the selection of the structure type. Standardized isopointal structures with the same sequence of Wyckoff letters can contribute to a known structure type, if the ratios of lattice parameters and the positional parameters are similar [1 -3] . The deviation of the parameters of a structure type, however, is not well defined.
The metals Mg and Zn of Wyckoff position 194-c (short symbol for position (2c) of space group number 194 of P6 3 /mmc) for example with the ratios of lattice constants c/a = 1.6241 and 1.8563 are listed as different entries (TYPIX) or as a single entry of most other compilations and textbooks. The same applies for the 194-c position of isopointal structures with the Wyckoff sequences 194-ca like NiAs (c/a = 1.393) or FeS (c/a = 1.688) and 194-dc of BN (c/a = 2.660). The structure types of the present investigation will be defined by structures which are close to theoretical structures with maximum self-coordination numbers. The metal atoms of an ideal hexagonal close packing (hcp) with c/a = 8/3 ≈ 1.6330 for example 0932-0776 / 06 / 0800-0983 $ 06.00 © 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com have 12 nearest neighbors (six in the same layer and six in neighboring layers), 6 next-nearest neighbors (in the same layer) and 2 third neighbors (in the two next-nearest layers). This sphere packing is characterized by the three self-coordination numbers (T 1 T 2 T 3 ) (12 6 2) in the present investigation. The (T 1 T 2 T 3 ) values are decreased to (6 6 6) at the different c/a values of Mg or Zn. The T 1 = 12 neighbors at axial ratio c/a = 8/3 decrease to T 1 = T 2 = 6 neighbors at slightly different ratios. Increased T 3 values (6 6 8) or (6 6 12) [4, 5] . A similar relation for x y z values can be suggested by comparison of cubic structure types [3] . Two lattice complexes with increased self-coordination numbers #1 = (4 6 3) and #2 = (12 6 24) , for example, were determined for the characteristic Wyckoff position (32e) x x x of space group number 227(Fd3m) at x = ( √ 6 − 2)/8 and x = 1/4. The Wyckoff letter e of standardized inorganic structures like H 2 O (227-e1a), Ti 2 C (227-e2c) or MgAl 2 O 4 (227-e2cb) get the numbers 1 or 2, if the x value is close to that of the (4 6 3) or (12 6 24) sphere packings. The determination of (T 1 T 2 T 3 ) lattice complexes with increased T i values will be explained in some detail and applied for the analysis of cubic structure types of the Landolt-Börnstein compilation [3] . The non-invariant Wyckoff positions get the numbers 1, 2, etc. like 227-e2cb of the 227-e position of oxygen atoms in MgAl 2 O 4 , if the x y z values are close to the lattice complexes with increased (T 1 T 2 T 3 ) values.
Characteristic Lattice Complexes with Increased Self-Coordination Numbers
The characteristic lattice complexes with increased T i values like the 3D (12 6 2) packing of the Mg structure type will be outlined by some examples in 1D or 2D. Atoms in a one-dimensional row (1D) with lattice constant a = 1 and inversion centers at x = 0 and x = 1/2 can occupy the Wyckoff positions (1a) x = 0, (1b) x = 1/2 or (2c) with the coordinates x and x of the two positions. The A and B atoms of an AB compound like a theoretical 1D NaCl can occupy the (1a) and (1b) positions. Each A atom has the self-coordination numbers (T 1 T 2 T 3 ) (2 2 2) of nearest, second and third A-A neighbors at distances d i = 1, 2 and 3. The same applies for the B-B neighbors of (1b) position. The row of alternating A and B positions with maximum Madelung factor MF = 2 ln2 in 1D can also be considered as a lattice complex Usually the compound, which was investigated first, is chosen as structure type in the present investigation. Most structures like CO 2 , N 2 or O 2 with the center of the molecule or cluster at the carbon position of CO 2 are not included in the present investigation because of the deviation of the x value from x = 0.25 of the ideal structure in 1D. These structures can be charac- (1 1 2), the characteristic lattice complexes [7] in 1D. The T i values (2 2 2) of (1a) x = 0 are also obtained for (1b) x = 0.5 or (1a) x positions (in a 1D space group without inversion center). The investigation of the x values of (2c) x, x positions within the asymmetric range 0 < x ≤ 0.25 is sufficient because of identical B-B structures for increased x values. The asymmetric ranges are different for different characteristic lattice complexes [8] . Table 1 . The structures of the Landolt-Börnstein compilation of structure types with less than two parameters are analyzed for these values in Table 2 . In some cases two or more Wyckoff positions can be combined to a sphere packing. The Cs and Cl atoms (221-ba) of the CsCl structure for example form the bcc lattice of W (229-a), the Cu and Au atoms of Cu 3 Au (221-ca) the fcc lattice of Cu (225-a) (Table 2). Some examples of combinations of two or more Wyckoff positions can be found in Table 3 .
The NaCl structure with Wyckoff positions 225-ba for Na and Cl atoms can be combined to the primitive cubic packing with T i values (6 12 8 (2 2 6), (2 6 8), (2 4 10), (6 12 8), (4 6 8) and (4 4 6) 4 6 6) (8 6 16) (4 6 2) ( 4 2 5) (6 1 4) (2 5 8 (4 9 6) or (4 8 8) packings [6, 9] , or equivalent positions g5 as explained in the text. 225-dba NaSbF 6 225-e1ba Cu 1.8 S 225-e1 ca K 2 PtCl 6 225-e2ca NaBaLiNiF 6 225-dcba (NH 4 ) 3 FeF 6 225-e1cba BaBiO 3 225-e2cba HCl 225-h3a UB 12 225-i3a CdCo 0.67 (CN) 4 225-e1e1 ba NaNb 1. 25 the present investigation. The number 1 or 8 is added to the Wyckoff position. A layered structure with alternating square net layers for example corresponds to the 123-a8 position. A slightly deformed primitive cubic packing can be found for 123-a5 at lattice constants close to c/a = 1. The primitive cubic packing with T i values (6 12 8) is the fifth packing in 123-a position ( Table 1) . The same applies for other Wyckoff positions like 75-a, 79-b, 83-c, etc. [7] with the same sequences of T i values as the characteristic Wyckoff position 123-a. The present analysis of cubic structures with less than two parameters [3] Table 3 ). The Pr I 2 structure with x ≈ 0.11, 0.36 and 0.63 corresponds to the same structure type. This structure, which was determined later than the MoSBr structure, is not listed in Table An extended Table 3 with all possible combinations would allow a numerical analysis of crystal structures like the pc, diamond, bcc and fcc packings of 216-ba, 216-ca, 216-dcba and 216-e1e1 . The repulsive or attractive interactions of K, Cl, Zn, S, Na, Al, Si, S and Br atoms in KClO 4 (216-e1ba), ZnSO 4 (216-e1ca), Na 1.67 AlSiO 4.33 (216-e1dcba) or MoSBr (216-e1e1 e1 ) can be analyzed by structure maps [17, 18] . The determination of combinations (Table 3) is also necessary for the analysis of the habit of minerals.
The morphological lattice of single crystals can have another symmetry than the structural lattice [19 -22] . Octahedral or rhombododecahedral crystals of NaCl are expected from the structural lattice. Planes with low h k l values and a high density of atom positions like the {1 1 1} planes of octahedra or the Dirichlet domain with {1 1 0} planes of the lattice point P = Na or Cl are derived from Bravais' or Wulff's theory [21 -25] . The observed cubic form can be related to the Dirichlet domain of a primitive cubic packing (6 12 8) with T 1 = 6 {1 0 0} planes of P = Na = Cl as morphological lattice. The cleavage rhombohedron with P = Ca = C of the CaCO 3 (calcite) structure is another well-known example [23] . The analogous analysis of structures like the KClO 4 , ZnSO 4 , Na 1.67 AlSiO 4.33 or MoSBr structures reduces each structure to two packings. These packings are sphere, layer or rod packings [26] . The Dirichlet domain of (6 12 12) or (6 12 8) (cubic crystals like NaCl) would be expected for KClO 4 depending on the dominance of oxygen or K + Cl atoms. Plate-like crystals are observed for MoS 2 (molybdenite), Te 2 SBi 2 (tetradymite), Fe 2 O 3 (hematite), FeTiO 3 (ilmenite), PbCO 3 (cerussite) or C (graphite) with (6 6 6), (6 6 12), (4 3 6), (6 6 8) or (3 6 3) layered packings of atoms, rod-like crystals for NiS (millerite), Pb(CO 3 ) (cerussite) or TiO 2 (rutile) with rod-like packings (2 2 12), (2 6 14) or (2 8 6).
Pb(CO 3 ) is an example with different plate-or rodlike habit of crystals, depending on the dominance of Pb-Pb or (CO 3 )-(CO 3 ) interactions. The A = Pb or B = carbon atoms of CO 3 groups have an increased density in layers or rods. The Dirichlet domains of sphere packings should have planes with low h k l values and high densities of atoms like the {100} planes of the primitive cubic packing (6 12 8) or {1000} and {0001} planes of the primitive hexagonal packing ( (8 12 6) like the Fe atoms in FeS, pyrrhotite). The {110} planes of the Dirichlet domain of the (12 6 24) lattice complex as an example have a lower density than the {111} planes of octahedra in F centered cubic structures. Octahedral crystals are frequently observed for compounds with (12 6 24) lattice complexes like NaCl, Fe(S 2 ), CaF 2 , As 2 O 3 , K 2 (SiF 6 ), MgAl 2 O 4 or CuFeS 2 . The rhombododecahedron as Dirichlet domain of Mn atoms with (12 6 24) lattice complex, however, has dense planes in Mn 2 O 3 (bixbyite) with a cubic I centered cell (h + k + l = 2n).
Conclusion
The analysis of inorganic structures as combinations of frameworks in invariant cubic structures [27 -33] can also be applied to structure types with one or more parameters. Standardized structure types of the Landolt-Börnstein compilation of inorganic compounds [3] with less than two parameters were analyzed for lattice complexes with increased self-coordination numbers (T 1 T 2 T 3 ) of nearest, second and third neighbors. Numerical calculations similar to trial-and-error or least-squares refinement calculations with n runs are necessary to find the nearest set of increased T i values in standardized structures with n parameters x, y, z, c/a, cos γ, etc.
The 1128 Wyckoff positions of the 230 space groups are reduced to 402 lattice complexes with a characteristic Wyckoff position at maximum symmetry [7] . Sequences 1, 2, 3, etc. of lattice complexes with increased (T 1 T 2 T 3 ) values were determined for most of the characteristic Wyckoff positions (Table 1) . About 500 different (T 1 T 2 T 3 ) values are estimated as the total number. The determination of all possible combinations like the combination of the invariant (T 1 T 2 T 3 ) values [32] would give a very large number. The Wyckoff letters of characteristic lattice complexes like the (1a) position of space group number 123 (123-a) and equivalent positions 75-a, 79-b, 83-c, etc. [7] get the number 5 (123-a5) for structures close to a primi-
